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ABSTRACT
The Department of Mcrobiology at Oegon State University with funding
from the Bonneville Power Adnministration conducted a study relating to the
epi demi ol ogy and control of three fish diseases of salnonids in the Col unbia
River Basin. These three diseases were ceratonyxosis caused by the

nyxosporidan parasite Ceratonyxa Shasta, bacterial kidney disease, the

causative agent Renibacterium salnoninarum and infectious hematopoietic

necrosis, caused by a rhabdovirus. Each of these diseases is highly
destructive and difficult or inpossible to treat with antinicrobial agents.
The geographic range of the infectious stage of C_Shasta has been
extended to include the Snake River to the Oxbow and Hells Canyon Dans. These
are the farthest upriver sites tested. Infections of ceratonyxosis were also
initiated in the east fork of the Lewis River and in the Washougal River in
Washington. Laboratory studies with this parasite failed to indicate that
tubeficids are required in its life cycle. Bacterial kidney disease has been
denonstrated in all life stages of salnmonids : in the eggs, fry, snolts
juveniles and adults in the ocean, and in fish returning to fresh water.

Monocl onal antibodi es produced agai nst R _sal noni nar um denonstr at ed

antigenic differences anong isolates of the bactertum  Mnoclonal antibodies

al so showed antigens of R sal noninarum which are simlar to those of a wde

variety of gram positive and gram negative bacteria

A denonstration project at Round Butte Hatchery showed UV treatment to be
an effective nmethod for reducing the mcrobial population of the water supply
and coul d reduce risks of IH\V. Tangential flow filtration was used
successfully to concentrate IH\W from environnental water. At Round Butte
Hatchery the carrier rate of IHW in adults was very low and there was no

subsequent nortality resulting from IHN in juveniles.



ACKNONLEDGEMENTS

Support for this research cane fromthe region's electrical rate payers
through the Bonneville Power Adm nistration.

Cooperators in this study are: the Portland CGeneral El ectric Conpany,
through their representative M. Don Ratliff, which owns Round Butte Hatchery
and purchased the ultraviolet sterilization equipnent; the personnel of the
Oregon Department of Fish and Wldlife (ODFW who operate Round Butte
Hatchery, the ODFW also supplied the different stocks of fish and coordinated
l'ivebox pl acement; Dr. \Warren Goberg, virologist of the ODFW who assisted in
experinental design and sanpling at Round Butte Hatchery, and personnel of the
Washi ngton Department of Game, Washington Department of Fisheries, |daho
Departnent of Fish and Game, Arny Corps of Engineers, National Council for Ar
and Stream | nprovenent, Bureau of Reclamation, Pacific Power and Light, and
the Grant County Public Wility who hel ped coordinate the placing of |iveboxes
at selected Colunmbia River and Snake River Dams. Individuals who allowed
access to their private property were Bob Wod, Sam Gallus, Bub Wik, Oin

Achus, Bob Corrothers and Vance Farris.



| NTRODUCTI ON
Successful propagation and enhancenent of fisheries resources requires
control of fish pathogens. This study, which has been funded by the
Bonnevi |l e Power Adnministration since 1983, focuses on three of these disease

agents:  Ceratonmyxa Shasta, Renibacterium sal noni narum and infectious

hemat opoi etic necrosis virus.

Cer at onyxa Shasta

Prior to this project Ceratonyxa Shasta was known to exist in the

mai nstream Colunbia River to its confluence with the Deschutes River. Live
box studies, designed to nore precisely define the geographic range of the
infective stage of & Shasta within the Col unbia Basin, have detected this
parasite upriver in the mainstream Colunbia River to the confluence with the
Snake River. Distribution studies conpleted this year have detected the
parasite as far up the Snake River as Oxbow Hatchery, approximately 597 river
mles fromthe Colunbia River bar. These results mean that mgrating upriver
salnonids are exposed to C._ Shasta for a much longer period than previously
bel i eved.

The nature of the infectious stage of & Shasta, |ike nost other

nyxosporidan parasites, is unknown. Recent research with Nyxosona cerebralis,

anot her nyxosporidan infecting salnmonid fish, has suggested the oligochaete,
tuhifex, acts as an internediate host in its life cycle. However, our
attenpts to transmt ceratonyxosis to susceptible fish by exposing them to
tubifex incubated with infected viscera and spores have been unsuccessful.
Qther continuing experiments involve efforts to visualize the infective stage
of C. Shasta by usingfluorescentlvlabelled antihodies directed agai nst

spores of this parasite and to transmt this disease in the laboratory in



tanks containing nud from areas where C. Shasta is endemic and sterilized mud

seeded with tubificid worns.

Materials and Methods

Experimental Animals

Cerat onyxa Shasta - susceptible rainbow trout (Salmo gairdneri) were

obtained from Cak Springs Hatchery. Those fish which were used to study the
geographic distribution of the parasite were held at either the Oregon State
University Fish Disease Laboratory (OSU-FDL) or at VMl lowa Hatchery near

Enterprise, R Fish for all other studies were held at the OSU FDL.

Exposure to Ceratonyxa Shasta

Procedures for exposure to, and detection of, C Shasta are described by
Fryer (1984). Al groups of fish used in the geographic distribution study
were exposed at selected sites for 14 days. The maxinum tenperature and the
dates of exposure were recorded (Table 1). After exposure all fish were
transported to Round Butte Hatchery-Isolation Facility (RBHIF) and held until
termnation 120 days later. The water tenperature at RBH | F was 10°C.

Fish infected for use in transmssion studies of C Shasta were exposed
for five days to the infectious stage of C_ Shasta in the Wllamette River

near Corvallis, OR then returned to the OSU-FDL and held at 12°c.

Label ling and Evaluation of Antisera
Antisera produced in 1984 and 1985 against spore and prespore stages of
C. Shasta were evaluated for their efficacy in detecting the parasite by gel

diffusions. Lots of antisera which reacted strongly against the antigen were



| abel led with fluorescein isothiocyanate (Banner et al., 1986). Labelled
antisera were evaluated for their usefulness in detecting early life stages of

C. Shasta.

Col lection of Water Sanples and Invertebrates

Six, 115 liter sanples of WIllanette River water and one, 115 liter
sanple of Cowlitz Hatchery water were differentially filtered using a
tangential flow molecular filtration unit (Pellicon Cassette System MIlipore
Corp.) with a pore size of 0.5 um  Materials concentrated by this procedure
were injected intraperitoneally into susceptible rainbow trout and sanples
were fixed in formalin for exam nation by bright [ight mcroscopy and
fluorescent antibody techniques. Equal volumes of water were collected at the
same time, and susceptible rainbow trout were held in them for 6-8 hours to
determine if the water was infectious. Both injected and exposed fish were
mai ntai ned in pathogen-free water and any nortalities were exanined for
presence of C Shasta.

Invertebrate sanples were collected from sites where water sanples were
taken. Collections were made using a dip net, an Eckman dredge, and by
hand. Organisns were identified to genera and preserved in formalin for

exam nation by fluorescent antibody techniques.

Transm ssion of Ceratonyxa Shasta Infective Stage

Rai nbow trout infected with C_ Shasta were placed with unexposed,
susceptibile rainbow trout in 15 liter tanks containing several different
substrates. These substrates consisted of nud fromareas where C._Shasta is
endenic (LaCamas Lake and Wllanette River), nud sterilized by autoclaving,

and sterilized nmud seeded with oligochaete wornms. Al infected fish were fin



clipped and after death from ceratonyxosis allowed to deconpose in the
tanks. As they died, all unmarked fish were examned for spores or prespore
stages of the parasite.

In addition to these small controlled environnents, two 100 liter tanks
containing mud fromthe Cowlitz Salnon Hatchery and reservoir below the
hatchery and a 500 liter tank containing mud fromthe WIlanette River were
prepared. Only uninfected fish were added to these tanks. Fish dying in
these tanks will be examned fresh and if they show signs of infection, wll

be allowed to deconpose in the tank.

Preparation of Fluorescent Tagged Antibodies

Pol yclonal antisera to C. Shasta has been prepared in New Zeal and white
rabbits. Lots of antisera which fornmed precipitin bands against& Shasta in
gel diffusions were |abeled with fluorescein isothiocyanate (Fryer 1984). A
lots of |abeled antisera were evaluated by their effectiveness in identifying
C. Shasta trophozoites. Evaluation has been done by direct incubation of
| abel ed antisera with trophozoite stages and subsequent visual exam nation.
VWestern blots (Burnette 1981) of antisera prepared against trophozoite and
spore stages have been done on protein profiles of trophozoites and spores.
Results of the Western blots and visual evaluation indicate that antisera
formed against the spore stage of the parasite may be directed against
antigens not present in early trophozoites. Therefore, although the antisera
produced are efficient in detecting spores and late trophozoite stages, they

have little sensitivity for earlier stages



Results and Discussion

CGeographic Distribution of Ceratonyxa Shasta

During the sumrer of 1986, distribution studies of the infective stage of
C_Shasta were done primarily in Colunmbia River tributaries in Washington and
in the Snake River and its tributaries in ldaho. The infective stage has now
been determned to exist in the Snake above Hells Canyon at Oxbow Hatchery,
the highest point on this river systemexam ned (Table 1). Fish exposed in

the Washougal and in the east fork of the Lewis Rivers also becane infected

wi th C. Shasta.

Investigation into the Nature of Ceratonyxa Shasta Infective Stage

Sanples of Wllanmette River water containing the infective stage of C_
Shasta were diffferentially filtered using tangential flow procedures, and all
materials larger than 0.45 umwere either injected into susceptible rainbow
trout or preserved for examnation. As a control, an equal volume of water
was collected with each sanple, and susceptible fish exposed to this water to
determine its relative infectivity. O the seven sanples collected, fish in
four of the control sanples devel oped ceratonyxosis. Disease did not occur in
any group of fish injected with material that had been differentially
filtered.

Concentrations of these water sanples have been preserved and exam ned by
light and fluorescent mcroscopy. No spore or prespore stages have been
identified, but sanples that have been deternmined to be infective by exposure

are still being exam ned.

10
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Table 1. Incidence of Ceratomyxa shasta in susceptible rainbow trout (Salmo gairdneri) exposed for 14 days in the Columbia River and tributaries

during June and July of 1986.

Site River Maximum Date In Date Out Number1 Number Number Percent Number of Percent

Tributary Mile Temperature Recovered Dead infected Positive Survivors Positive
Control - - 10.0 7/15 11/5 60 0 0 - 60 0
Salmon Graves Cr. 37.5 19.0 /1 7/15 46 0 0 - 46 0
S.F. Clearwater Stites 6.6 17.0 7/1 7/15 41 0 0 41 0
N.F. Clearwater Dworshak 0.3 11.0 7/1 7/15 52 282 0 24 0
Elokoman Hatchery 5.5 17.0 6/9 6/23 60 0 0 - 60 0
Kalama Modrow Trap 2.8 18.0 6/9 6/23 60 0 0 - 60 0
E. Fk. Lewis LaCenter 3.1 22.0 6/10 6/24 59 1 1 100 58 0
Washougal Camas 1.4 23.0 6/10 6/14 49 7 7 100 42 2.4
Snake Hells Canyon 246.8 21.3 7/5 7/19 55 53 53 100 2 0
N. Fk. Lewis Hatchery 15.7 11.0 6/10 6/24 60 0 0 - 58 0
Snake Oxbow Hatchery 269.8 21,0 7/5 7/19 37 37 35 95 0 0
Columbia McNary Dam 292 19.0 7/3 /17 46 23 1 4.4 23 0
Snake Little Goose 70.3 20.5 7/3 /17 16 0 0 - 16 0
Clearwater NCASI Intake 4.5 20.0 7/1 7/15 59 0 0 - 59 0
White Salmon P.P.L. Plant 2.0 14.0 6/13 6/27 56 0] 0 - 56 1]
Yakima Roza Dam 127.9 17.0 6/13 6/27 60 0 0 - 60 0
Wind Achus Property 5.2 17.0 6/12 6/26 60 0 0 - 60 0
Klikitat Weik Property 10.4 18.0 6/12 6/26 55 2 0 53 0

1Number of fish exposed minus holding mortality.

2IHN virus isolated from these fish.



Aguatic invertebrates have been collected fromthe WIllanette R ver,
identified, and preserved (Table 2). To date none have been observed to carry
stages of C._ Shasta.

In artificial environments using nmud and aquatic organisms from areas

endemc for C Shasta, infected and control fish have been held in efforts to

transmt ceratonyxosis. Transnmission has occurred in tanks containing
material fromthe WIlanette River. No transmission has occurred in tanks
seeded wi th oligochaete worms from an uninfective source, nmud fromLaCamas L.,
or a control tank containing sterilized nud. Artificia environnments using
mud and invertebrates from Cowl itz Salnmon Hatchery and reservoir have al so

been established and fish are being observed for devel opment of ceratonyxosis.

Reni bacteri um sal noni narum

Reni bact eri um sal noninarum the causative agent of bacterial kidney

di sease (BKD) is recognized as a major bacterial infection of sal nonids.
Probl ems caused by this bacterium extend throughout Columbia River Basin fish

hat cheries.  Reni bacterium sal moni narum was detected, during 1983, in 12% of

the chinook salnon smolts seined from the Colunhia River just before entering
the estuary. These observations served to further delineate the continued
econom ¢ inpact of this pathogen after smolts are released from hatcheries.
Linited data in the literature also suggest that BKD continues to cause
nortality after salnonid snolts enter salt water. Salnonids caught in the
open ocean off the coast of Oegon and Washington have contained BKD |esions

and harbored the organism Since sanpling began in 1981, R sal moni narum has

been found by the fluorescent antibody test in 11% of the chinook salmon wth
lesions in 2.8% of these fish. The presence of lesions is an especially
i mportant observation indicating continued progress of the disease and an

ongoi ng open ocean nortality.
12



Tabl e 2. Invertebrate organisms collected fromthe WIllanmette River
Corvallis at river mle 129.6

bel ow

Mol | usca
Pel ecypoda
Nargaritiferidae
Cor bi cul i dae
Sphaer i dae*
Gast r opoda
Ammi col i dae

Pl eur oceri dae

Annel i da
O igochaeta

Ephener opt era
Pot amant hi dae
Tricorythi dae
Hept ageni i dae
Spi hl onuri dae*

(donat a
Gonphi dae
Anphi poda
Talitridae

Trichoptera
Hydr opsychi dae
A ossonal i dae

Diptera .
Chi ronom dae

Col eopt era
El m dae

Hem ptera
Cori xi dae

Turbel laria
Pl anar i dae*

*Tentative identification

13



Exam nation by Gamstain and fluorescent antibodies of cryostat-
sectioned fertilized eggs collected after one month of incubation in a fish
pat hogen-free water supply have revealed the presence of bacteria

nor phol ogically identical to R salnoninarumon or in the egg wall. These

observations support those of Evelyn et al. (1984) and further suggest

vertical transnmission of the bacterium

Know edge of the serology and antigenic conposition of R salnoninarumis

important for the devel opnent of reliable serological nethods for detection of
BKD infections. Athough it has been generally accepted there is only one
antigenic type of this bacterium (Bullock et al., 1974), there has been
limted experinentation done to serologically conpare isolates (Cetchell et
al., 1985). Recent observations indicate there may be nmore than one antigenic
type and that cross-reactions may occur with bacteria from other genera
(Austin and Rogers, 1980; Austin et al., 1985). The purpose of devel oping

nonocl onal anti bodi es agai nst |sol ates of R sal noninarum was to produce a

reagent to an antigen unique to R salnoninarum that can be used for

I munodi agnosis to elimnate false positive reactions.

Materials and Methods

Experinental Animals and Detection of Renibacterium sal moni narum

Adul't salmonids of different year classes, origin, and species were
seined off the coasts of Al aska, Washington, and Oregon. These fish were
taken by personnel cooperating in a joint research project between Japanese
scientists from Hokkai do University in Japan and the School of Qceanography at
Oregon State Vniversity. Fish were collected during July 1986 in a cruise of

the Cshoro Maru Research vessel. Kidney sanples of individual fish were

14



collected and stored frozen until examned by the fluorescent antibody
technique (FAT). Using random nunbers tables and nethodol ogy, a subsanple of
100 individuals of each species captured was selected for exam nation by

FAT.  Only 27 chinook were captured and all individuals were exanined.

In March 1986, a 100 fish sanple of adult spring chinook salmon was taken
during the commercial gill net season. The entire kidney of these fish were
frozen for later examnation. Kidney tissue was homogeni zed, prepared on
mcroscope slides, and examned by FAT using nethods simlar to those of
CQvitanich (personal conmunication).

Qur previous work (Fryer, 1984, 1985) has indicated that fluorescing

bacteria typical of R salmoninarum can be found in fertilized eggs exam ned

just prior to hatching (after one nonth of incubation). Attenpts to culture
the mcroorgani sm from these eggs have been unsuccessful. These efforts
continued in 1985 by sanpling Round Butte Hatchery chinook salnmon eggs at
frequent intervals during incubation. These eggs were exanined by enzyme-

| i nked i nmunosorbant assays (ELISA) and by culturing egg contents on KDM 2

with charcoal (Daley and Stevenson, 1985).

Production of Mnoclonal Antibodies

Monocl onal antibody technol ogy makes it possible to analyze strain
specific and cross-reacting antigens anong a particular bacterial species.
This type of data is necessary for the nost effective vaccine production and
for the detection of carrier fish.

A nodification of the method described by G and Herzenberg (1980) was
used to produce hybridomas secreting antibody against three strains of R_

sal moni narum ( Fryer 1984). Strains used were Lea-1-74 (ATCC 33209) (LB)

i sol ated fromchinook sal non at Leaburg Hatchery, RB-1-73 (RB) from chinook

15



sal non at Round Butte Hatchery and K50 from Atlantic sal non (Salno salat) in

Norway. Lynphocytes harvested from mice inmunized with R sal noninarum were

fused with SP2 nouse nyeloma cells in nedi um containing 50% pol yet hyl ene
glycol. After incubation in hypoxanthine, amnopterin, thymdine selective
medium each well of the tissue culture plate containing visible hybridonas
was tested by the indirect enzyme-linked imunosorbant assay (ELISA) for

production of anti-R sal noni narum antibody. Hybridoma cultures producing the

desired antibody were cloned and assayed tw ce. Selected hybridomas were
grown to be frozen in storage for in vitro assay.

The ELISA used to screen for hybridomas producing anti-R sal noni narum

antibody was nodified as described below to increase sensitivity and obtain

consistent results. Different concentrations of & sal noninarumcells were

attached to 96-well polystyrene mcrotiter plates (Inmulon) previously washed
with poly-L-lysine. Test serum or supernatant from cultures containing a
hybri doma were added to the wells then incubated with peroxidase-conjugated
anti-nmouse antibody. A positive culture was detected by a visible color
reaction follow ng addition of O-phenylene dianmne substrate. The react ion
was quantified by determnation of optical density using an autonated
mcroplate reader (Biotek EL310). The ELISA was used to detect positive

hybri domas and for cross reactivity assays.

Results and Discussion

Preval ence of BKD in Ccean and Col unbia R ver Sal nonids

Since 1981 we have been sanpling ocean-caught salnonids for the presence

of R__salmoninarum  Throughout this study nost of the fish captured have been

juvenile aninmals. However, during the sumrer of 1986, adult salnonids were

16



seined off the coast of Alaska, Wshington, and Oregon. The incidence of BKD
in these fish was conparable to that which was deternined to be in ocean
caught juveniles (Table 3). Chinook salnon had the highest frequency of

infection and 19% of those examined carried R salnoninarum Pink salmn had

a 10% infection rate, 3% of the steelhead that trout exam ned were infected,
chum sal mon had 2% incidence and only 1% of the coho and sockeye sal non had

detectabl e |l evels of R sal noni narum

Table 3. Incidence of Renibacterium sal moninarum in adult sal nonids
captured off the coasts of Alaska, Washington and Oregon, 1986.

Sal noni d Nunber Percent pogitive
speci es exani ned by FAT

Chi nook sal non 217 19

Coho sal mon 100 1

Sockeye sal non 100 1

Pink sal mon 100 10

Chum sal non 100 2

Steel head trout 100 3

1p11 fish were exanined for & sal moninarum by the fluorescent antibody test
(FAT).

Returning adult spring chinook salmn were sanpled as they entered the
Colunbia River. These fish were taken in the comercial gill net fishery and
of 128 fish which were exam ned 24 or 19% had detectable_|evels of

sal noninarum  None of the fish fromthis sanple revealed large nunbers of the

organism.
Eggs which cane from a grossly infected spring chinook salnon at Round

Butte Hatchery and fertilized with sperm from an infected male were sanpled

17



for R salnmoninarum at approximately 10 day intervals. Sixty eggs were

sanpled at each time and the egg contents examned by ELISA and also culture
on KDM 2 charcoal. Only one sanple was positive by ELISA and five of the

el even sanples which were cultured were positive.

Monocl onal Ant i body Producti on
More than 2000 hybridomas have been tested for the stable production of

anti-R sal moni narum anti bodies. Nunerous clones have bheen examined and a

selected group are presented in Table 4. The antibody produced by these

hybri domas has been characterized to class and subclass (Table 5). An

Table 4. Renibacterium sal noni narum isol ates and nonocl onal anti bodi es
produced from them

| sol ate Oigin Monocl onal s
ATCC 33209 Fal | chinook sal non LBl I/, LB11/9, LB9/8, LB3/5
(LEA-1-X) Oregon
RB- 1- 74 Fal | chinook sal non ROQI, RCr/2, RF8/9, R®X/6
Oregon
K50 Atlantic sal non K34/ 4, K8/9, K23/15, K11/12,
Nor way K18/ 4

unusual 'y high nunber of these are 1gG nolecules and arise, perhaps, because
they are formed in response to carbohydrate containing antigens. |soelectric
focusing has been performed on each of the nonoclonal antibodies to determnne

that they are truly nonoclonal .

18



Table 5. dass and subclass of nonocl onal
Reni bact eri um sal noni nar um

antibodi es produced from strains of

Monoconal  Anti body | mrunogl obulin C ass and Subcl ass

LB: LB9/8 | gRA
LB11/9 l9a
LBI /11 KgG
LE3/ 5 | g&3

RB. RAQ] e
RC7/ 2 | gG
RF8/9 | g&3
RGO/ 6 | g&3

K50: K23/15 1 g&3
K8/ 9 | g&3
K18/ 4 | gd

The nonocl onal

react ed

agai nst

honol ogous and heterol ogous antigens of R

antibodi es selected for characterization and testing were

sal moni narum (Tabl e

6) with other isolates of this bacterium (Table 7) and

Tabl e 6.

Results of ELISA of nonocl ona
the homol ogous strains of _Renibacterium sal moni narum

antibodi es against heterol ogous and

R sal noni narum

used fo

r fusion

Monocl ona
Ant i body

Desi gnati on

Anti gen
K50 RB LB

K50

LB

K34/ 4
K8/ 9
K23/ 15
K11/12
K18/ 4
RA Q|
RC7/ 2
RF8/ 9
RGI/ 6
LB11/11
LR11/9
LB9/ 8
LE3/5

+ + + + +

+ 4+ F + ++ F o+ F

+ 4+ 4+ + + + + + +
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Table 7. ELI SA and | FAT of Reni bacterium sal noni narum nonocl onal anti bodi es
agai nst selected isolates of the bacterium
Monocl ona

Oigin of K18/ 4 LB RB K50
| sol ate | FAT ELI SA | FAT ELI SA | FAT ELI SA | FAT ELI SA
Oregon

(5 strains) + + 4/ 5+ 4/ 5+ 4/ 5+ 4/ 5+ -
Washi ngt on + +
Al aska + +
British

Col unbi a + +
Al berta

(6 strains) + +
Nova Scotia + +
Engl and + +

with antigens of diverse gram negative and gram positive organisns (Table

8). Antibody-antigen reactions have been tested both by ELISA and an indirect

Tabl e 8.

Reaction of selected bacteria

isolates with a nonocl ona

anti body

(K18/4) produced against an isolate of Renibacterium sal moni narum

| sol ate

| FAT

ELI SA

Aer ononas sal nmoni ci da
Pseudononas tl uorescens
Yersinia enterocolitica
Bordetel [ a sp.
Corynebact eri um Xxerosis
Corynebacterium pseudodi pht heriticum
Corynebact eri um pyogenes
Baci|lus subtilis

St aphyl ococcus aur eus

St rept ococcus | actis
Lact obaci|lus piscicola

Z++rgFrr o+ +

i L+ o+ o+

+ 4+ + 41

20



fluorescent antibody test (IFAT). Fromthe data it can be deternmined that we
have produced a nonocl onal antibody which will react with cellular antigens of

numerous bacteria, ones that are very different fromR sal noninarum  These

results offer an explanation for the cross reactivity and nonspecificity that
workers have experienced when using serodiagnostic tests for BKD. W have

al so shown that different antigenic types of R sal noni narum exi st because

some of the nonoclonals will not react with all isolates of the bacterium

I nfectious Hematopoietic Necrosis Virus

I nfectious hematopoietic necrosis virus (IHW) has recently become nore
wi despread in the Colunbia River Basin and has caused severe |osses anong
chinook salmon and steel head trout at several Colunbia River Basin fish
hatcheries. No anti-IH\V drugs are known; therefore, management techniques to
avoid the virus, especially during the egg incubation and fry stages, are
being tested. Since 1983 at Round Butte Hatchery, we have used UV-treated
water for rearing of fish and have al so sel ected eggs and sperm from virus-
free adults.

During the spawning of steelhead trout in 1984 at Round Butte Hatchery a
unique and potentially very inportant observation was nmade. On three separate
occasions IH\V was detected in ovarian fluid sanples after storage for 6-9
days at 4'C  No virus had been detected in these sanples when collected at
spawning.  Routine sampling for IHW requires only the processing of tissues
and sex fluids taken at spawning; however, this delayed appearance of virus
indicates that sanpling only at spawning may yield false negatives. These
observations raise the possibility that IHNV is more w despread anmong sal noni d
popul ations than previously considered. Further, the production of IH\V by

constituent(s), probably cellular, in ovarian fluid represents a novel nethod

for studying the biology of IH\W.
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Materials and Methods

Virus Propagation and Detection

Procedures for virus propagation have been described previously (Fryer,
1984). Chinook salnon enbryo (CHSE-214) and epithelioma papillosum cyprini
(EPC) cell lines were continuously cultured in Eagle's mninum essental medium
(MEH suppl emented with fetal calf serum(10%, NaHCO3 (0.075%, penicillin
(100 iu/m >, streptonmycin (100 pg/m) and glutamne (1.0%. The EPC MEM
growth medium was buffered with Tris hydrochloride instead of NaHC03. G owt h
tenperatures were 16°C for CHSE-214 cells and 22°C for EPC cells.

Pl aque assay procedures as described previously (Fryer, 1984) were
simlar to Burke and Ml cahy (1980). Briefly, assays were performed using
confluent EPC nonol ayers grown in multi-well tissue culture plates. Sanples
were diluted in Hank's bal anced salt solution (HBSS). Replicate 0.1 ni
sanpl es (109-1074) were inoculated onto monol ayers in individual wells and
allowed to adsorb for 60 min. Sanple inoculumwas renoved and 1% net hyl -
cel lul cse dissolved in double strength MEM plus 5% fetal calf serumoverlay
medi um (MEM5) was added. Followi ng 10 days of incubation at 16°C cells were
fixed with FORMALIN and stained with 1% crystal violet solution. Plaques were
counted and plaque formng units per m (PFUmM) were determined in replicate
wel I's containing 10-300 plaques.

Ovarian and senmnal fluids were collected and processed as previously
described (Fryer, 1984) except supernatant fluids were mixed 1.1 with an
antibiotic solution (MDaniel 1979) before inoculation onto cells. Ovarian
fluid sanples were also passed through 0.22 UM acrodisc filters (Gelman) to

obtain cell-free preparations. Tissue cells from ovarian fluid sanples were
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cultured in 75 cm2 tissue culture flasks in a nedia consisting of NaHCO4

buffered MEM plus 10% fetal calf serum with antibiotics (MDaniel, 1979)

Monitoring of the Water Supplies at Round Butte Hatchery

During the IHW studies conducted at Round Butte Hatchery, the water
supplies to experimental lots of fish were nonitered for the presence of
m croorgani sns. Water was tested before and after W treatnent. There was
continuous monitoring of the W treatnent systemto insure that the radiation
output was always within the manufacturer's specifications remaining
continuously above 68%on the W nonitor. Turbidity neasurenents of hatchery
water were recorded daily to determne if siltation could be affecting the W
treatment system  Readings were taken using a Spectronic 20 at 520 um using
nanopure water as the control. No siltation was detected in any of the
sanpl es

Water sanples from Round Butte Hatchery were collected at selected times
from January through May, 1986. During this period, ten sanples of the
hat chery water supply, prior to UV treatnent and inmediately after W
treatment, were taken. Bacterial plate counts were perforned immediately
followng sanple collection. Spread plates of 1.0, 0.25 and 0.1 nml water
sanples in triplicate were made using trypticase soy agar (Difco) and
cytophaga agar (Anacker and Odal, 1959). Plates were incubated for 3-5 days
at 16°c and col oni es were counted.

The tangential flow filtration method of virus concentration was applied
to field studies. The Pellicon cassette system which had been eval uated
previously under |aboratory conditions (Fryer, 1985) was used. The exclusion
size of the nenbranes was 1000, 000 nol ecul ar weight. Based on data gained from
our laboratory experiments with virus stabilizing agents, fetal bovine serum

(FBS) (0.19p Was added to each water sanple to inprove virus recovery
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Fifty liters of water was collected in a sterile carboy, supplemented
with 0.1% FBS, and transported on ice. Maxinmum storage of sanples before
filtering was two days at 4°C. The 50 1 was concentrated by tangential flow
filtration to approximately 100 mi. These sanples and the retentate and
backflush solutions collected from each 50 liter aliquot were concentrated
further by ultracentrifugation. The pellet fromthis step was resuspended in
a smal|l volune of tissue culture fluid and inocul ated onto EPC and CHSE-214
cells. If there was no evidence of virus after 14 days, the supernatant was
bl i nd- passed onto new cells and observed for cytopathic effect (CPE) for

anot her 14 days.

Design of IH\NV Studies at Round Butte Hatchery

The studies with IH\W at Round Butte Hatchery are a denonstration project
designed to determine if brood stock selection and/or water treatment reduces
the incidence of IHNin fry. In 1986, the initial strategy was to maximze
the potential for vertical transm ssion of IH\V by mating parents with high
virus titers and making a conparison between replicate groups of the resulting
fry and groups which arose from parents both of which were negative for
IH\WV. Each group was to be replicated in W treated and untreated water

giving the following lots of fish:

Nunber of Replicates

Untreated W treated
wat er wat er
| H\V negative parents 4 4
| H\V positive parents 4 4

Fish were spawned on January 29 and February 11, 1986. n each date, 100

femal es and 125 males were spawned. The gametes of each individual fish were
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stored separately while tissue from individual fish were analyzed for the
presence and titer of IHW. Only 6 of the 450 fish (1.3%incidence) were
positive for IHW. The construction of the groups described above was

i mpossi bl e; therefore, the experimental design was altered so that only

ganetes from negative parents were crossed. Four groups of eggs were
incubated and fry reared in W treated water. Four replicate groups were
reared in untreated water (Appendix A). An additional eight groups which
arose from production spawning on Marhc 11, 1986 were divided and incubated
and reared in the same way (Appendix B). This resulted in eight groups from

negative parents which were reared in treated water and eight simlar groups

reared in untreated water.
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Results and Discussion

The denonstration project at Round Butte Hatchery resulted in some
positive observations, although the mjor hypothesis could not be tested. The
results denonstrated that IHN is yet to be a predictable disease even though a
facility may have a historical record of it. The nunber of adults carrying
the virus and fry or fingerling nortality fluctuate from year to year. This
year at Round Butte Hatchery there was a very low carrier rate in adults and
there was no nortality in juveniles as a result of [H\V.

It was shown that the tangential flow filtration nmethod of concentrating
IH\V fromenvironnental water is an efficacious technique. W isolated |H\
from one sanple of nontreated water. W also denonstrated that the treatment
of water with UV irradiation at this facility can be an effective nmethod of

reducing mcroorganisns in the water (Table 9).
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Table 9. Mnitoring of Round Butte Hatchery Water 1986.

Dat e \\at er Bacterial Count Virus
sanpl e TSA Cyt ophaga agar recovery
Jan. 29 Wtreated <30 <30 +
non-treated <30 <30
Feb. 11 Wtreated <30 <30
non-treated 100 129
Feb. 25 Wtreated <30 <30
non-treated 140 150
Mar. 11 Wtreated 44 84
non-treated 70 174
Mar. 25 Wtreated <30 61
non-treated 88 222
Apr. 28 Wtreated <30 61
non-treated 57 173
Apr. 22 Wtreated 104 97
non-treated 56 148
May 6 Wtreated <30 <30
non-treated 52 81
May 20 Wtreated 136 160*
non-treated 68 136
May 29 Wtreated <30 <30**
non-treated 49 140

| odophore treated 1 day before sanples.

**Chlorine treated 1 hr before sanples.
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SUMVARY AND CONCLUSI ONS
FromNovenber 1986 - Cctober 1986, Bonneville Power Administration funded
a study concerning epidemology and control of three infectious diseases
affecting salnonids in the Colunbia River Basin. These serious fish pathogens

are:  Ceratonyxa Shasta, the causative agent of ceratonyxosis, Renibacterium

sal moni narum the causative agent of bacterial kidney diseases and the viral

etiology of infectious hematopoietic necrosis.

Cer at onyxa Shasta

The infective stage of C. Shasta was determined to be present in the
Snake River at Hells Canyon Dam and Oxbow Hatchery. These sites were the
farthest upriver location which was tested. Infections with this parasite
also occurred at the east fork of the Lewis and the Washougal Rivers in
Washington.  These observations are a major extension of the known geographic
range of C_Shasta. That infections of & Shasta can occur at Hells Canyon
(and possibly above) neans that upriver salnonids are exposed to this parasite
during a mpjor part of their mgration and that many Colunbia River salnonid
stocks may be in the presence of the infectious stage of & Shasta throughout
their entire freshwater mgration. These data support our previous
observations that as many as 12% of the salmonids entering the Colunbia River
estuary are lethally infected with_C_Shasta.

Efforts to elucidate the infectious stage of this parasite have included
the production of antisera against the spore stage and against ascites fluid
whi ch contains pre-spore stages of C Shasta. It was hoped that these
reagents woul d be useful in formulating a fluorescent antibody test for
detection of the infectious stage. Antibodies produced detected the spore and

certain pre-spore stages of the parasite but not early stages. The reagent
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al so lacked sufficient sensitivity to be useful in identifying early
i nfections.

Artificially induced challenges using infectious water concentrated by
tangential flow filtration or artificial environnents containing infected fish
and tubificids have shown that the spore stage is not infectious and indicates

that tubificids are not required in the devel opment of C. Shasta.

Reni bact eri um sal noni narum

Several nmonocl onal antibodies to selected isolates of & sal noni narum

have been produced. Using these nonoclonals we have deternined that there are
antigenic differences anong strains of the organi sm which causes bacterial

kidney disease. W have also shown that there are antigens of R sal noninarum

which are shared with a wide variety of other bacteria to include gram
positive and gram negative organisms. These data give evidence for cross-
reactivity and the non-specificity of irmmunodiagnostic reagents which enploy
pol yclonal or rabbit antisera.

V¢ have confirmed the presence of &salnoninarumin all life stages of

salmonids.  The bacterium has been detected in eggs and in juveniles in fresh
water. Bacterial kidney disease has been shown to be an ongoing problem as

fish mgrate to salt water and our detection of infections in both subadults
and adults in the ocean indicated the disease continues in salt water. Fish

still harbor R sal noni narum when they return to fresh water.

I nfecti ons Henat opoietic Necrosis Virus

The nunbers of IHW infected adults was minimal this year and there was
no | H\V-caused nortality in fry. This observation and those of previous years

denonstrate that IHNV carrier rates in adults fluctuate from year to year.
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It was shown that tangential flow filtration is an effective method for
concentrating IH\ formthe aquatic environment and that at Round Butte

Hat chery UV treatnent reduces the mcrobial population of the water supply.
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APPENDI X A

MORTALITY DATA FOR EXPERI MENTS DETERM N NG
GEOGRAPH C RANGE OF_CERATOWXA SHASTA
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CUMULATIVE TOTAL MORTALITY
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MORTALITY
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Columbia River, McNary Dam

O Cumulative total mortality
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MORTALITY
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E. Fk. Lewis River, La Center

0O Cumulative total mortality
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APPENDI X B

FLON DI AGRAMS FOR ROUND BUTTE HATCHERY | HNV EXPERI MENTS
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1986 IHNV VERTICAL TRANSMISSION STUDY
* VERTICAL TRANSMISSION = INFECTION OF PROGENY VIA VIRUS CONTAMINATED GAMETES

e

SPAWN INDIVIDUAL FiSrlZ SAMPLE INDIVIDUAL FISH
STORE GAMETES UNTIL TISSUE AND SEX
TESTS COMPLETE <= FLUID SAMPLES
DAYS T~
POOL GAMETES \\\ v
BASED ON IHNV STATUS ~ DIAGNOSTIC TESTS

& N
ADULTS (+) IHNV  ADULTS (=) IHNV

T~
FOUR REPLICATE GROUPS OF EACH CONSISTING OF 16 MALE AND 6 FEMALE

v

DIVIDE EACH REPLICATE INTO TWO EQUAL SUBGROUPS

FERTILIZE, INCUBATE AND REAR

V V
UV TREATED WATER UNTREATED HATCHERY WATER

V
TOTAL OF EIGHT PAIRED SUBGROUPS

% FOUR IHNV (+) CROSSES
% FOUR IHNV (-) CROSSES

¥ EXPECTED BENEFIT: DETERMINATION OF THE EXISTENCE OF
VERTICAL TRANSMISSION




1986 IHNV HORIZONTAL TRANSMISSION STUDY
* HORIZONTAL TRANSMISSION = INFECTION OF PROGENY VIA VIRUS CONTAMINATED WATER

PRODUCTION CROSSES
() X ( )"
(134 FISH)
SPAWN IN 30 FISH SAMPLE INDIVIDUAL
POOLS FISH

TISSUE AND SEX FLUID SAMPLES
DIVIDE INTO TWO SUBGROUPS

FERTILIZE,
INCUBATE & REAR
A4
DIAGNOSTIC TESTS
\'4 A
w UNTREATED
TREATED WATER WATER
V

TOTAL OF FOUR PAIRED SUBGROUPS

% EXPECTED BENEFIT: EFFECTIVENESS OF UV STERILIZATION AT PRE-
VENTING FISH LOSS DUE TO THE HORIZONTAL TRANSMISSION OF [HNV




1986 IHNV HORIZONTAL TRANSMISSION STUDY
% HORIZONTAL TRANSMISSION = INFECTION OF PROGENY VIA VIRUS
CONTAMINATED WATER

IHNV NEGATIVE MATING PAIR CROSSES

g x

(450 FISH)
SPAWN INDIVIDUAL FISH SAMPLE INDIVIDUAL FISH
STORE GAMETES UNTIL TISSUE AND SEX
TESTS (\T/DMPLETE ';c\ FLUID SAMPLES
~
\\
POOL GAMETES FROM 32 ‘\\ \L
IHNV NEGATIVE PARENTS \\\
~DIAGNOSTIC TESTS
DIVIDE INTO TWO SUBGROUPS
FERTILUZE, INCUBATE
AND REAR
v Vi
UV A
TREATED WATER | UNTREATED WATER
vV

TOTAL OF FOUR PAIRED SUBGROUPS

% EXPECTED BENEFIT: EFFECTIVENESS OF UV STERILIZATION AT PREVENT-
ING FISH LOSS DUE TO THE HORIZONTAL TRANSMISSION OF IHNV
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